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Ribosome Inactivating Proteins (RIPs) are protein or glycoprotein toxins that bring about the arrest of protein synthesis by directly interacting with and inactivating the ribosomes. Such toxins are in general, of plant origin and differ from bacterial toxins that inhibit protein synthesis by mechanisms other than ribosome inactivation. After the toxins had been in the centre of interest in biomedical research for a couple of decades in the end of 19th century, the scientific community largely lost interest in the plant toxins. Interest in these toxins was revived when it was found that they are more toxic to tumor cells when compared to normal cells. Based on their structure RIPs can be classified into three types: Type I RIPs – They consist exclusively of a single RNA-N-glycosidase chain of ~30kDa. Type II RIPs – They consists of chain-A comparable to type I RIPs linked by a disulfide bridge to an unrelated chain-B, which has carbohydrate binding activity. The molecular weight of the type II RIPs is ~60kDa. Type III RIPs – Besides the classical type II RIPs a 60kDa RIP (called JIP60) has been identified in barley (Hordeum vulgare) that consists of chain-A resembling type I RIPs linked to an unrelated chain-B with unknown function.

 In addition to these classes of RIPs there is another group of toxins called four subunit toxins, whose structure is almost similar to type II RIPs, but are made up of two such subunits linked by non-covalent interactions forming tetramers having two A- and two B-chains. The definition and classification of these toxins is not so clear as they are frequently referred to as agglutinins or lectins (e.g Abrus precatorius agglutinins I and II, Ricinus communis agglutinin etc.), having red blood cell (RBC) agglutinating activity. However they have been found to be less toxic and better agglutinins when compared with type II RIPs. 

The present thesis reports the crystal structure of a type II RIP, Abrus precatorius agglutinin-I (APA-I) from the seeds of Abrus precatorius plant. The protein was purified from the plant seed and crystallized. The crystal structure was solved by molecular replacement method. Preliminary crystals of abrus agglutinin were obtained almost thirty years ago and unsuccessful attempts to solve the crystal structure of APA-I were made almost five years ago by other groups. The structure solution of APA-I was obtained at 3.5 Å using synchrotron data set collected at room temperature from a single crystal. Crystal structure is already known for Abrin, another type II RIP isolated from the same seeds. Abrin and APA-I have similar therapeutic indices for the treatment of experimental mice with tumors, but APA-I has much lower toxicity, with lethal dose (LD50) being 5 mg/kg of body weight when compared with Abrin-a (LD50 = 20 g/kg of body weight). The striking difference in the toxicity shown by Abrin and its agglutinin (APA-I) encouraged us to look at the structure function relationship of these proteins, which might prove to be useful in the design and construction of immunotoxins. As apparent from the comparative study, the reduced toxicity of APA-I can be attributed to fewer interactions it can possibly have with the substrate due to the presence of Pro199 at the binding site and not due to any kink formed in the helix due to the presence of proline as reported by the other groups.

In recent years, these plant RIPs which inhibit protein synthesis have become a subject of intense investigation not only because of the possible role played by them in synthesizing immunotoxins that are used in cancer therapy but also because they serve as model system for studying the molecular mechanism of transmembrane translocation of proteins. In silico docking studies were carried out by the author of the thesis in search of inhibitors that could modulate the toxicity of RIPs. Many adenine like ringed compounds were studied in order to identify them as novel inhibitors for Abrin-a molecule and facilitate detailed analysis of protein ligand complex in various ways to ascertain their potential as ligands.

In addition, the candidate has also carried out crystal structural analysis of conformationally constrained, α, β-dehydrophenylalanine containing dipeptides. While there are several studies of molecular self assembly of peptides containing coded amino acids, not much work has been done on molecular self assembly formation utilizing non-coded amino acids. The non-coded amino acid used in our analysis is a member of α, β-dehydroamino acids. These are the derivatives of protein amino acids with a double bond between Cα and Cβ atoms and are represented by a prefix symbol ‘’. They are frequently found in natural peptides of microbial and fungal origins. The presence of α, β-dehydroamino acid residues in bioactive peptides confers altered bioactivity as well as an increased resistance to enzymatic degradation.  Thus, α, β-dehydroamino acid residues, in particular α, β-dehydrophenylalanine (Phe) has become one of the most promising residues in the study of structure-activity relationships of biologically important peptides. The utilization of Phe in the molecular self assembly offers an added benefit in terms of variety and stability. Taking advantage of the conformation constraining property of Phe residue, its incorporation in three dipeptide molecules has been probed. 

In this thesis the crystal structures of the following designed dipeptide are reported. (I). +H3N-Phe-Phe-COO- (FF); (II). +H3N-Val-Phe-COO- (VF); (III). +H3N-Ala-Phe-COO- (AF). The peptides were found to be in the zwitterionic conformation and two (I, II) of the three dipeptides have resulted in tubular structures of dimensions in the nanoscale range.

We have investigated the self-assembly process in a dipeptide incorporating a noncoded, achiral, α ,β-dehydrophenylalanine residue (ΔPhe), an analog of the naturally occurring phenylalanine amino acid with a double bond between Cα and Cβ atoms. Introduction of ΔPhe in peptide sequences is known to induce conformational constraint both in the peptide backbone as well as in the side chain, and to provide the peptide with increased resistance to enzymatic degradation. Here we report the synthesis, characterization, and self-assembly of the dipeptide, Phe–ΔPhe, into distinct tubular structures, which are stable at a broad range of pH conditions and under treatment with proteases.

Abrin and agglutinin-I from the seeds of Abrus precatorius are type II ribosome-inactivating proteins that inhibit protein synthesis in eukaryotic cells. The two toxins share a high degree of sequence similarity; however, agglutinin-I is weaker in its activity. We compared the kinetics of protein synthesis inhibition by abrin and agglutinin-I in two different cell lines and found that ~200–2000-fold higher concentration of agglutinin-I is needed for the same degree of inhibition. Like abrin, agglutinin-I also induced apoptosis in the cells by triggering the intrinsic mitochondrial pathway, although at higher concentrations as compared with abrin. The reason for the decreased toxicity of agglutinin-I became apparent on the analysis of the crystal structure of agglutinin-I obtained by us in comparison with that of the reported structure of abrin. The overall protein folding of agglutinin-I is similar to that of abrin-a with a single disulfide bond holding the toxic A subunit and the lectin-like B-subunit together, constituting a heterodimer. However, there are significant differences in the secondary structural elements, mostly in the A chain. The substitution of Asn-200 in abrin-a with Pro-199 in agglutinin-I seems to be a major cause for the decreased toxicity of agglutinin-I. This perhaps is not a consequence of any kink formation by a proline residue in the helical segment, as reported by others earlier, but due to fewer interactions that proline can possibly have with the bound substrate.

The title compound (systematic name: 3-benzylidene-6-isobutylpiperazine-2,5-dione), C15H18N2O2, an α,β-dehydrophenylalanine containing diketopiperazine, crystallizes in the space group P1 with two molecules in the asymmetric unit arranged antiparallel to one another. The α,β -dehydrophenylalanine (ΔPhe) residue in this cyclic peptide retains its planarity but deviates from the standard conformations observed in its linear analogues. Each type of molecule forms a linear chain with molecules of the same type via pairwise N-HO hydrogen bonds, while weaker C-HO interactions link the chains together to form a three-dimensional network.

A putative homeodomain has been identified in eubacterial genomes, which include several pathogens. The domain is related in sequence to homeodomain, a component specific to transcription factors and playing a very important role in eukaryotes such as controlling the developmental processes of the organism. The putative homeodomain has been characterized utilizing the eukaryotic homeodomain protein sequence signature present in PROSITE as well as the sequence similarity search using BLAST suite for different eubacterial genomes. These findings provide evidence for the occurrence of DNA-binding motif in prokarya similar to that in eukarya.


